A Gram-stain-positive, endospore-forming, rod-shaped bacterium, designated 1ZS3-5 T , was isolated from rice rhizosphere in Hunan Province, PR China. The isolate was identified as a member of the genus Paenibacillus on the basis of phenotypic characteristics and phylogenetic inference analysis. The 16S rRNA and rpoB gene (b-subunit of bacterial RNA polymerase) sequences were closely related to those of Paenibacillus taihuensis CGMCC 1.10966
A Gram-stain-positive, endospore-forming, rod-shaped bacterium, designated 1ZS3-5 T , was isolated from rice rhizosphere in Hunan Province, PR China. The isolate was identified as a member of the genus Paenibacillus on the basis of phenotypic characteristics and phylogenetic inference analysis. The 16S rRNA and rpoB gene (b-subunit of bacterial RNA polymerase) sequences were closely related to those of Paenibacillus taihuensis CGMCC 1.10966
T with similarities of 97.2 % and 89.7 %, respectively. The DNA-DNA hybridization value between 1ZS3-5 T and P. taihuensis CGMCC 1.10966 T was 33.4 %. The DNA G+C content of 1ZS3-5 T was 47.5 mol%. The major polar lipids were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, unidentified aminophospholipid and unknown phospholipid. The predominant respiratory quinone was MK-7. The diamino acid found in the cell-wall peptidoglycan was meso-diaminopimelic acid. The major cellular fatty acids were anteiso-C 15 : 0 , iso-C 15 : 0 and iso-C 16 : 0 . Based on these results, 1ZS3-5 T is considered to represent a novel species of the genus Paenibacillus, for which the name Paenibacillus rhizoryzae sp. nov. is proposed. The type strain is 1ZS3-5 T (5ACCC 19782 T 5DSM 29322 T ).
Based on phylogenetic studies using the 16S rRNA gene, the rRNA group 3 bacilli were assigned to the novel genus Paenibacillus by Ash et al. (1993) . Species of the genus Paenibacillus are aerobic or facultatively anaerobic, endospore-forming, rod-shaped bacteria (Logan et al. 2009 ) and have been isolated from a wide range of sources including soil Wu et al., 2011) , water (Baik et al., 2011; Tang et al., 2011) , sediment (Moon et al., 2011) , plant rhizosphere (Jin et al., 2011a, b) , plant seeds (Liu et al., 2010) , food (Scheldeman et al., 2004) and patients (Ko et al., 2008; Roux et al., 2008) . The DNA G+C content ranges from 39 to 54 mol%, their major isoprenoid quinone is MK-7, the diamino acid in the peptidoglycan is meso-diaminopimelic acid and the major cellular fatty acid is anteiso-C 15 : 0 (Ash et al., 1993; Shida et al., 1997) .
To study the effects of long-term winter-growing green manure plants on microbial diversity, in 2010 we took rice roots from long-term experiments in the Key Field Monitoring Experimental Station for Red Soil Ecoenvironment of Ministry of Agriculture, Qiyang County, Hunan Province, PR China. The rice rhizosphere soil was handled by plating serial dilutions onto R2A agar medium (Difco) and then incubating at 30 8C for 3 days. More than 300 bacteria were isolated from rice rhizosphere and the pure cultures were stored in a glycerol solution (20 %, v/v) T were used as the reference strains for physiological and biochemical studies and fatty acids analyses.
Gram staining was performed using a Gram-stain kit (Solarbio). Morphology and endospore formation were observed using a transmission electron microscope (DP71; Olympus). Catalase activity was confirmed by adding 3 % (v/v) hydrogen peroxide solution to colonies grown on R2A (Difco). Oxidase activity was determined using 1 % (w/v) N,N,N',N'-tetramethyl-1,4-phenylenediamine dihydrochloride. Hydrolysis of casein, starch and gelatin were tested according to the methods of Smibert & Krieg (1994) . To determine the pH suitable for growth, cells were inoculated in pH-adjusted media (pH 3.0-12.0 with 1.0 unit increments). To determine the optimum growth temperature and tolerance to NaCl in TSB liquid medium, cells were cultured at temperatures ranging from 10 to 50 8C and in the presence of NaCl concentrations ranging from 0 to 10 % (w/v) at 1 % intervals. Other biochemical and enzymic activity tests were performed using API 20 NE, API 50CHB and API ZYM kits according to the manufacturer's instructions (bioMérieux).
Cells of 1ZS3-5
T were slightly curved rods and Gram-stainpositive. Sub-terminal endospores were observed in swollen sporangia (Fig. S1 , available in the online Supplementary Material). The strain formed white colonies with a convex surface when grown on R2A plates. The diameter of the colonies was 1-2 mm after 2 days of growth at 30 8C on R2A plates. Cells were catalase-and oxidase-negative. Growth occurred at 15-45 8C (optimum 30 8C), at pH 6.0-9.0 (optimum 7.0) and at NaCl (0-4 %, w/v; optimum 0 %). The detailed results of physiological and biochemical analyses are given in Table 1 and in the species description. There were several phenotypic characteristics that readily separated 1ZS3-5
T from phylogenetically related species, such as catalase and oxidase activities, the ability to hydrolyse casein and the methyl red test. Starch hydrolysis, acid produced from N-acetylglucosamine, L-arabinose, D-arabinose, L-fucose, D-galactose, gentiobiose, glycerol, 5-ketogluconate, mannitol, melezitose, methyl a-D-mannopyranoside, L-rhamnose, D-ribose, salicin and the genomic DNA G+C content of 1ZS3-5 T were also characteristics allowing differentiation from the type strain of the most closely related species, P. taihuensis CGMCC 1.10966 T ( Table 1 ).
The 16S rRNA gene was amplified using the universal primers, 27F and 1492R, according to Lane (1991) . The amplification of the partial RNA polymerase b-subunit (rpoB) gene was performed as described previously (Dahllöf et al., 2000) . The 16S rRNA gene sequence was used for determining the similarities to its phylogenetic neighbours using the EzTaxon-e database (Kim et al., 2012) . The rpoB gene sequence of 1ZS3-5 T was determined and then compared with reference rpoB gene sequences available in the GenBank database using BLAST. Multiple alignments with sequences of related type strains were performed using CLUSTAL W (Thompson et al., 1997) . Aligned sequences were analysed using MEGA 6.0 software (Tamura et al., 2013) . For maximum-likelihood (ML) analysis, the best-fit model for nucleotide substitution was selected from 24 models using MEGA 6 based on the minimum Bayesian information criterion value. The best model in this study was the Tamura 3-parameter model with gamma-distributed rates plus invariant sites. The maximum-likelihood (ML) tree (Felsenstein, 1981) was built using the best-fit model and nearest neighbour interchange for the ML heuristic method. For neighbour-joining (NJ) (Saitou & Nei, 1987) analysis, the average pairwise Jukes-Cantor distance was chosen to determine whether the sequence data were suitable for estimating NJ trees. The average distance of 16S rRNA gene sequences in this study was 0.049, and of rpoB gene sequences was 0.226, a value suitable for reconstructing NJ trees (Nei & Kumar, 2000) . The NJ tree was reconstructed using the JukesCantor model method, and the rate variation among sites was modelled with a gamma distribution (gamma parameter55 in this study). All ML and NJ trees were reconstructed with the partial deletion of gaps, and reliability of the phylogenetic trees was estimated using bootstrap values based on 1000 iterations (Felsenstein, 1985) . T belongs to the genus Paenibacillus in the class Bacilli and falls within the radiation of a cluster comprised of the type strains P. taihuensis CGMCC 1.10966 T and P. sacheonensis DSM 23054
T .
Genomic DNA was prepared according to the method of Marmur (1961) and the purity was checked spectrophotometrically. The DNA G+C content was detected by the thermal denaturation method (Marmur & Doty 1962 ) with a Beckman DU 800 spectrophotometer (Beckman Coulter), using Escherichia coli K-12 as a reference strain. The DNA G+C content of 1ZS3-5 T was 47.5 mol%, which falls within the range of G+C contents observed for other members of the genus Paenibacillus (39-54 mol%) (Shida et al., 1997) . DNA-DNA hybridization assays between strain 1ZS3-5 T and P. taihuensis CGMCC 1.10966
T were performed in triplicate on a Beckman DU 800 spectrophotometer equipped with a controlled temperature programme, using the thermal denaturation and renaturation method of De Ley et al. (1970) , as modified by Huss et al. (1983) . The DNA-DNA relatedness value of 1ZS3-5 T and P. taihuensis CGMCC 1.10966 T was 33.4 %. The value was significantly lower than the 70 % threshold value recommended for the delineation of species (Wayne et al., 1987) , which supported the conclusion from the 16S rRNA gene sequence data that T represents a novel species of the genus Paenibacillus.
For determination of fatty acid composition, cells of 1ZS3-5 T and reference strains were harvested from TSA (Difco) medium after 2 days of incubation at 30 8C. Fatty acid methyl esters were separated using the previously described method (Sasser, 1990) . The fatty acids analyses were carried out by the Sherlock Microbial Identification System (TSBA; version, 6.0 library) with the standard MIS Library Generation Software (Microbial ID) according to the manufacturer's instructions. The major cellular fatty acid of 1ZS3-5 was anteiso-C 15 : 0 , which is the predominant cellular fatty acid found in all recognized members of the genus Paenibacillus (Shida et al., 1997) . The details of the fatty acid profiles of strain 1ZS-5 T and reference strains are shown in Table 2 . 1ZS3-5
T showed higher levels of anteiso-C 15 : 0 , but lower levels of C 16 : 0 in comparison with P. taihuensis CGMCC 1.10966 T , and 1ZS3-5 T contained the rare fatty acid C 20 : 0 , but this was not detected in the five reference strains ( Table 2 ). The quinones of the strain were analysed by HPLC (Minnikin et al., 1984) , the predominant respiratory quinone of 1ZS3-5 was MK-7. Polar lipids were analysed following the polar lipid extraction procedure and tested by two-dimensional TLC according to the methods of Minnikin et al. (1984) . Polar lipids of 1ZS3-5 T consisted of diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), phosphatidylglycerol (PG), unidentified aminophospholipid (UPAL) and unknown phospholipid (UPL) (Fig. S4) . T shared PE, PG and DPG with the type species Paenibacillus polymyxa (Kämpfer et al., 2006) . In addition, 1ZS3-5 T possessed UPL, which has been observed in P. taihuensis (Wu et al., 2013) and UPALs are found in Paenibacillus typhae (Kong et al., 2013) , P. wooponensis, Paenibacillus humicus, Paenibacillus pinihumi (Baik et al., 2011) , Paenibacillus motobuensis (Saha et al., 2010) , Paenibacillus prosopidis (Valverde et al., 2010) and Paenibacillus sputi (Kim et al., 2010) . Cell-wall analysis was determined as described by Lechevalier & Lechevalier (1980) . The diamino acid in the cell-wall peptidoglycan of 1ZS3-5
T was identified as meso-diaminopimelic acid (Fig. S5) .
Based on the above phenotypic, chemotaxonomic and phylogenetic characterization, we consider that 1ZS3-5
T represents a novel species of the genus Paenibacillus, for which we proposed the name Paenibacillus rhizoryzae sp. nov.
Description of Paenibacillus rhizoryzae sp. nov.
Paenibacillus rhizoryzae (rhiz.o.ry9zae. Gr. n. rhiza root; L. gen. n. oryzae of rice; N.L. gen. n. rhizoryzae of rice root).
Cells are slightly curved, Gram-stain-positive rods. Subterminal endospores are observed in swollen sporangia. Colonies on R2A are circular, opaque, white and with a convex surface. The diameter of the colonies is 1-2 mm after 2 days of growth at 30 uC on R2A plates. Growth occurs at 15-45 uC (optimum 30 uC), at pH 6.0-9.0 (optimum 7.0) and with NaCl (0-4 %, w/v; optimum 0 %). Catalase-and oxidase-negative. Casein is hydrolysed, but starch and gelatin are not. Nitrate is not reduced to nitrite. Negative for indole production, glucose fermention, urease and arginine dihydrolase activities. Positive for aesculin hydrolysis and the methyl red test. b-Galactosidase is produced actively. Acids are produced from aesculin ferric citrate, L-arabinose, D-arabinose, 
